- . N ;]L’ f/ir :"‘f"wJ

SECURITY CLASSIFICATION OF THIS PAGE

approved
. » REPORT DOCUMENTATION 12 503 /0 0704-0188

Ta REPORT SECURITY CLASSIFICATION i AD—' Az

Unclassified g Y

— — - ———————————

2a. SECURITY CLASSIFICATION AUTH o L EC 'r 5 ' { 5o 3 - e

2b. DECLASSIFICATION / DOWNGRADI! CH o

Unlimited
4. PERFORMING ORGANIZATION RE BER( 5. MONITORING ORGANIZATION REPORT NUMBER(S)
\% D
6a. NAME OF PERFORMING QRGANIZATION ° [6b. OFFICE SYMBOL [ 7a. NAME OF MONITORING ORGAM IZATION
(If applicable)

Division of Medicine SGRD-UWH Walter Reed Army institute of Research

6c. ADDRESS (City, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code)

Washington, DC 20307-5100 Washington, DC 20307-5100

8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION US Army Medical (if applicable)
Research & Development Command
8c. ADDRESS (City, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. ACCESSION NO.

Ft Detrick, Frederick, MD 21701-5102 611024 3M161102BSY3 AJ 309 WIIZ
11. TITLE (include Security Classification) R . . e

Effect of Dengue Virus on Procoagulant and Fibrinolytic Activities of Monocytes

12. PERSONAL AUTHOR(S) ]

Chitra Krishnamurti and Barbara Alving

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT
Manuscript FROM T0 8

16. SUPPLEMENTARY NOTATION
- . ,
“oro- b @, T2

— - } e —

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverge, if necessary gnd i entilz bg block number)

FIELD GROUP SUB-GROUP Dengue Virus, Monocytes, Fibrinolytic activitly,

Procoagulant activity

\JF. ABSTRACT (Continue on reverse if necessary and identify by block number)
Some of the fibrinolytic and coagulant enzymes that monocytes produce are urokinase, a

plasminogen activator (PA); a PA-specific inhibitor (PAI); and procoagulant activity (PCA)
which has been characterized as tissue factor., Dengue infection in vivo is restricted to
monocytes; however, i%t is unknown if dengue-infected monocytes undergo alterations in the
production of PA, PAI, and PCA activities. This issue was addressed in studies in which
monoeytes were infected in vitro with dengue 2 virus in serum-free medium in the presence of
enhancing antibody. NO urokinase activity was detected in either control or infected cells
or in their supernatants. Infection of monocytes with the dengue 2 virus resulted in an
almost threefold inerease in PAI activity in cells and supernatants. NoO change in relation
to the control was observed in PCA generated by the infected cells, These data indicate that
dengue 2 infection enhances the production of PAI from monocytes without altering PA or PCA,

- ,

- o ! __J
20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
A uncLassiFiEDUNLIMITED (O SAME as RPT. ] DTIC USERS Unclassified
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Inciude Area Code) | 22¢ R%FFWYMBOL
Chitra Krishnamurti 202-576-3385 SGRD- -B
00 form 1473, JUN 86 Previous editions are obsolete SECURITY CLASSIFICATION OF THIS PAGE




Best _
Available
Copy




REVIEWS OF INFECTIOUS DISLASES o VOL. 11, SUPPLEMENT 4 o MAY-JUNE 1989

Effect of Dengue Virus on Procoagulant and Fibrinolytic Activities of Monocytes

- Chitra Krishnamurti and Barbara Alving From the Wualter Reed Army Institute of Research,

Haushington, DC.

Some of the fibrinolytic and coagulation enzymes that monocytes produce are urokinase,
a plasminogen activator (PA); a PA-specific inhibitor (PAI); and procoagulant activity
(PCA), which has been characterized as tissue factor. Dengue infection in vivo is restricted
to monocytes; however, it is unknown if dengue-infected monocytes undergo alterations
in the production of PA, PAI, and PCA. This issue was addressed in studies in which
monocytes were infected in vitro with dengue 2 virus in serum-free medium in the pres-
ence of enhancing antibody. No urokinase activity was detected in either control or in-
fected cells or in their supernatants. Infection of monocytes with dengue 2 virus resulted
in an almost threefold increase in PAT activity in cells and supernatants. No change in
relation to the control was observed in PCA generated by the infected cells. These data
indicate that dengue 2 infection enhances the production of PAl from monocytes without

altering PA or PCA.

‘Dengue viruses are flaviruses that comprise four dis-
tinct types (dengue types 1-4). These viruses are
transmitted by the domestic mosquito Aedes aegypti
and cause disease with two different clinical mani-
festations, one mild, i.e., dengue fever (DF); and the
other life-threatening, leading to shock and known
as dengue shock syndrome or dengue hemorrhagic
fever (DSS/DHF). DF is typically seen in adults,
whereas DHF/DSS occurs predominantly in chil-
dren [1].

Disseminated intravascular coagulation appears
to be responsible for the hemorrhagic tendencies seen
in patients with DHF [2]. In some situations, how-
ever, deposition of fibrin has also been observed. In
an epidemic of Philippine hemorrhagic fever in 1956,
the virus was identified as dengue 3 and intravascu-
lar thrombosis was observed in 12 patients, five of
whom had arteriolar thrombosis in the renal glome-
ruli [3]. Srichaikul et al. studied three Thai men who
presented with profound shock and gastrointestinal
bleeding (4]. Two of the patients died; at autopsy
fibrin thrombi were found. However, the patho gen-
esis of the thrombosis was not clearly defined in that
report and remains elusive. The increased localized
deposition of fibrin could be due to increased levels

of inhibitors of the fibrinolytic system. These inhib- ate infection in monocytes. Human cord blood con- a
itors are produced either by endothelial cells (known taining antibody to dengue in appropriate titers can 0
enhance dengue infection in vitro and in vivo. This —_
] ) ‘ . phenomenon allows an understanding of the age dis-
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as plasminogen activator inhibitor 1 [PAI-1]) or by
monocytes (PA1-2). Levels of these inhibitors have
not been measured in plasma from patients or in
monocytes infected in vitro with dengue virus.

Site of Infection and Immune Enhancement

Attempts have been made to identify the site of
proliferation of dengue virus in humans. Dengue
viruses have been recovered from peripheral blood
leukocytes (probably monocytes) from children with
DHF/DSS [5]. In another study [6] fluorescein-
conjugated antibodies to dengue virus were used to
demonstrate the presence of virus in monocytes ob-
tained from children infected with dengue. Available
evidence suggests that dengue 2 infection in vivo is
possibly restricted to cells of mononuclear lineage.
Dengue virus has been successfully replicated in
monocytes in vitro {7, 8]. There has been only one
report of the growth of dengue 2 virus in human en-
dothelial cells in vitro [9]; however, demonstration
of infection of endothelial cells in vivo in children
with DHF/DSS has not been successful [10].

One of the immunopathologic mechanisms attrib-
uted to dengue 2 is the ability of antibody to medi-
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decrease and can then act as mediators or enhancers
of dengue infection, thereby causing infants <{ year
of age to develop the shock syndrome. When the in-
fant is about a year old, the levels of antibody are
negligible and the infant is no longer at risk for DSS.

When dengue 2 antibody is added to cultures of
peripheral blood leukocytes at concentrations below
those that neutralize the viral inoculum, an antibody-
virus complex is formed and then ingested by the
cell [8]. Antibody-enhanced infection in bone mar-
row cultures also appears to involve mononuclear
phagocytes [7]. Halstead et al. reported that enhance-
ment of dengue 2 infection in human peripheral
blood leukocytes in vitro is a property of antisera
raised to any flavivirus {11]. Thus, humans exposed
to non-dengue flaviviruses may become more sus-
ceptible to dengue virus.

Procoagulant and Fibrinolytic Activity of Monocytes

Human peripheral blood mononuclear cells gener-
ate procoagulant activity that initiates the extrinsic
cascade of blood coagulation and has been identi-
fied as tissue factor by immunologic characteriza-
tion [12]. When monocytes are exposed to exogenous
agents such as phytohemagglutinin {12} or endotoxin
(13, 14] or undergo adherence to glass [15], this ac-
tivity increases. Direct interaction between lympho-
cytes and monocytes appears to be essential for the
induction of PCA. Levy et al. have shown that when
T lymphocytes are stimulated by endotoxin and then
exposed to monocytes maximal induction of PCA
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occurs. Triggering of the monocytes by the stimu-
lated lymphocytes is not dependent on protein syn-
thesis, whereas the generation of PCA by monocytes
is sensitive to inhibition by both cycloheximide and
actinomycin D. Thus, generation of PCA requires
de novo synthesis of both RNA and protein [13].

As illustrated in figure 1, tissue factor acts through
the extrinsic pathway in the coagulation cascade. It
activates factors VII to VlIla, and factor Vlla then
activates factors X to Xa. Factor Xa —along with fac-
tor V, Ca**, and phospholipid — activates factor 11
to Ila, which in turn converts fibrinogen to fibrin
and forms a clot. While tissue factor acts via the ex-
trinsic pathway, factors XII, XI, IX, and VIII act
through the intrinsic pathway.

In addition to PCA, monocytes produce urc
kinase, a plasminogen activator (molecular weight,
55,000). Urokinase converts plasminogen to plasmin,
which in turn lyses fibrin clots {16, 17]. Monocytes
also produce a PAI-2 (molecular weight, 47,000), a
tust-acting, specific inhibitor of urokinase [18].

Effect of Dengue Infection on Urokinase, PAI,
and PCA in Monocytes

It has been reported that monocytes produce uro-
kinase, PAI, and PCA, but it is not known if dengue
infection alters the expression cr production of these
proteins. Previous work has shown that synthesis of
PAI-2 can be stimulated by exposing monocytes to
endotoxin or to phorbol ester, a tumor-promoting
agent (18, 19]. Thus, the following experiments were
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Figure 1. A schematic diagram of the
coagulation cascade. Monocytes pro-
duce tissue factor, which initiates clot
tformation via the extrinsic pathway by
activating factor VH. Factors XI1, XI,

N . IX, and VIII mediate formation of fi-
o ! brin via the “intrinsic pathway.” The ac-
il tivated forms of the factors are repre-
sented by the suffix “a.” Ca** and
phospholipid (PL.) are required for the
activation steps indicated.
v, ca™,pL
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Fibrinolvtic Activity and Dengue Infection

conducted to determine if dengue virus altered these
procoagulant and fibrinolytic activities.

Materials and Methods

Monocytes were obtained by countercentrifugal
elutriation and infected with dengue virus in serum-
free RPMI medium containing 0.6% bovine serum
albumin in polypropylene tubes. Cells were infected
with dengue 2 virus (strain, PUO-218) obtained from
a Thai child with primary DF. The multiplicity of
infection (MOI) was 0.5, and incubation was carried
out in the presence of enhancing antibody (mouse
hyperimmune ascitic fluid) at a dilution of 1:5,000.
Control cultures were treated with the same dilution
of enhancing antibody. On day 3 or 4, cells were
«vunied and viability was assessed by exclusion with
trypan blue. In all the experiments, viability was
>99% until day 4. Supernatants were collected af-
ter centrifugation, aliquoted, and frozen at —70°C
until assays for urokinase and PAI could be per-
formed. Cells were washed, resuspended, aliquoted,
and frozen until assays for urokinase, PAI, and PCA
could be conducted.

PCA was assessed by the following method: cells
were thawed and homogenized, and recalcification
times were assessed with use of normal and factor-
deficient plasmas; 0.1 mL of plasma was preincu-
bated with a source of tissue factor at 37°C for 2
minutes, and then 0.1 mL ot CaCl, (0.025 M) was
added. The clotting time was recorded on a Coagu-
lation Profiler (Bio Data Corporation, Model CP-
8, Horsham, Pa.).

Assays for urokinase and PAI were conducted ac-
cording to the method of Chmielewska et al. [20].
In brief, assays for urokinase involved the incuba-
tion of samples with plasminogen and the chromo-
gen S-2251 at 37°C in a microtiter plate. The char

Table 1.
infected human morocytes.

Source of tissue factor Normal

Medium 121 + | 143
Noninfected monocytes 82 + 2 108 .
Dengue-infected monocytes 78 + 2 101

NOTE.

SR4S

in absorbance was measured at 405 nm with a Titer-
tek Multiscan Spectrophotometer (Flow Laboratories,
McLean, Va.). Activities were compared with that
of a urokinase standard. PAI activity was assayed
by preincubating samples with S0 mU of urokinase
for 30 minutes at 22°C. Plasminogen and S-2251
were then added, and residual urokinase activity was
measured after suvsequent incubation at 37°C (1 mU
of PAI is defined as the amount that inactivates
I mU of urokinase during 30 minutes of incubadtion
at 22°C; PAl is expressed as mU/10* cells).

Results and Discussion

The effect of infection with dengue 2 on PCA in
monocvtes was determined by comparine the recal-
cification times of infected and noninfected cells (ta-
ble 1). Normal pooled human plasma incubated with
medium in the absence of cells had a recalcification
time of 121 seconds. When control ceils were in-
cubated with normal plasma, clotting time was short-
ened to 82 seconds. This result was similar to the
clotting time of 78 seconds obtained for the infected
cells. These results appeared to show the presence
of PCA, though no marked differences were seen
between the infected and the noninfected cells. This
PCA was shown to be tissue factor by incubation
with factor-deficient plasmas. In comparison with
the factor-deficient plasmas incubated with medium
alone, the infected and contro} cells exhibited a
greater shortening of recalcification time in the case
of the factors VIII and IX as compared with factor
VII- and factor X-deficient plasmas. This was ex-
pected, since tissue factor acts through the extrinsic
pathway, and shortening of recalcification time could
still occur in plasmas deficient only in factors of the
intrinsic pathway (i.c., factors VIII and IX). Recal-
cification times were similar when infected or nonin-

Recalcification times of normal and factor-deficient plasmas in the presence of noninfected and dengue-

Recaleification time of indicated plasma

x

+

+

Factor V1l

t2 ‘e 12

Deficient

factor X Factor VIII Factor 1X
>500 >500 >500

62+ 4 83 + 2 100 + |

247 + 6 72 41 86 + 3

Day-4 cultures were used as the source of tissue factor. Values are the mean ¢+ SE of triplicate or quadruplicate deter-

minations. See Materials and Methods for description of method used for determining recalcification times.
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Table 2. Effect of dengue infection on production of
plasminogen activator-specific inhibitor (PAI) activity
by monocytes.

PAI activity (mU/10° cells)

Monocytes Cell-associated Supernatant
Noninfected 148 + 8 118 + 1§
Dengue-infected 374 + 7 257 + 11

NOTE. PAI activity was determined according to the method
of Chmielewska et al. [20]. The values are the mean + SE of
triplicate determinations. See Materials and Methods for descrip-
tion of assay.

fected cells were incubated with plasmas deficient
in factors VII, X, VIII, and IX.

PCA can be stimulated in response to viruses in
monocytes, although optimal production requires the
collaboration of T lymphocytes {13]. Since our ex-
periments were conducted with a 99% pure popula-
tion of monocytes, the maxiiual expression of PCA
may not have been induced. Dengue 2 infection did
not enhance production of PCA, when compared
with that of the noninfected cells.

No urokinase activity was dciected in either the
control or infected cells or in their supernatants.
Results of assays for PAl indicated the presence of
an inhibitor in both control and infected cells and
in their supernatants. Initial increases in PAI activ-
ity were detected as early as 24 hours after infection.
By 3 days, when viral titers had reached their peak,
PAI activity in the supernatants and cells was at least
twofold higher in cultures infected with dengue 2 vi-
rus than in the controls (table 2). By day 6, cell-
associated PAIl activity had decreased while PAT ac-
tivity in the supernatant had increased, a finding that
suggests the refease of PAl into the supernatant (data
not shown). The precise role of this increased produc-
tion of PAl in dengue infection or in any other viral
hemorrhagic infection remains to be established. The
change in PAT activity may be sufficient to enhance
clot formation at a localized site of inflammation.
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